This study aimed to isolate lactic acid bacteria (LAB) from Kimchi and to identify suitable probiotic strain for application in fermented dairy product as a commercial starter culture. A total of 106 (LAB) strains were isolated from Kimchi collected from different regions in Korea and their phenotypic characteristics were assayed. Four isolates from MRS agar plates were selected and designated as DKL109, DKL119, DKL121 and DKL128. They were identified first by API 50 CHL kit and then 16S rRNA gene sequencing. DKL121 and DKL128 were identified as Lactobacillus paracasei and Lactobacillus casei, respectively. Other two isolates (DKL109 and DKL119) were identified as Lactobacillus plantarum. To estimate their applicability in dairy products, the characteristics including acid and bile tolerance, cold shock induced cryotolerance and enzymatic activities were determined. There was wide variation in ability of strains to acid tolerance, but no significant differences in bile tolerance, cold shock induced cryotolerance within selected strains. DKL119 and DKL121 showed the highest resistance to acid and bile and the highest β-galactosidase activity, respectively. When these two strains were used for yogurt preparation as a single starter culture, their viable cell counts reached to 1.0×10
Introduction
Functional foods containing probiotic bacteria, mainly lactic acid bacteria (LAB) have been received increasing interest in the marketplace because of the health benefits ascribed to probiotics (Gerez et al., 2012) . Probiotic microorganisms are mostly of human or animal origin: however, some studies show that strains recognized as probiotics are also found in non-dairy fermented foods (Bamidele et al., 2011; Rivera-Espinoza and GalladoNavarro, 2010) . The isolation of lactic acid bacteria from fresh vegetables also appears to be interesting since they can present affordable source of the organisms.
Over centuries, fermentation has been used to preserve, improve the quality or modify the flavor of cereals, fruits, vegetables, legumes and meats. As fermentation process involves mixed cultures such as yeast, LAB and fungi, traditional fermented foods are a plentiful source of microorganism and some of them show probiotic characteristics (Rivera-Espinoza and Gallado-Navarro, 2010). Numerous studies have been undertaken to obtain scientific evidences for the beneficial effects of fermented foods containing probiotic bacteria (Succi et al., 2005) .
Kimchi, being a lactic acid-fermented vegetable product consumed raw, is considered to be a good source of potentially beneficial and useful LAB. A wide range of such desired roles have been suggested for diverse strains of LAB, including immune stimulation, pathogen exclusion, production of bioactive substances, and general intestinal health (Lee et al., 2011) . The microorganisms involved in Kimchi fermentation include about 200 species of bacteria (Liang et al., 2011; Yang and Chang, 2009) . Since health benefits imparted by probiotic bacteria are strain specific, several researches (Kim et al., 2003; Lee et al., 2007; Lee et al., 2011; Lee et al., 2012; Liang et al., 2011; Shin et al., 2008; Yang and Chang, 2009) 
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Kimchi have been conducted. However, there is lack of research focused on commercialization and application to dairy products. When selecting strains of probiotic microorganism for use in foods, a number of criteria must be taken into account. The most important requirements are viability and survival of probiotic bacteria in sufficient numbers in the product (Gerez et al., 2012; Heller, 2001; Succi et al., 2005) . A number of factors have been claimed to affect the viability of probiotic bacteria in dairy foods, including low pH, bile acid and refrigerated storage. Moreover, the resistance to human gastric transit constitutes an important selection criterion for probiotic bacteria (Gerez et al., 2012; Succi et al., 2005) . Technological requirements including good sensory properties, viability during starter preparation and survival in the manufactured products are also important. Freeze-dried or lyophilised yogurt cultures dried in the frozen state, and deep frozen culture types are currently popular preservation methods for commercial starter cultures. This method of starter preservation enjoys widespread popularity because it provides a high number of viable organisms and the maximum percentage survival during storage, compared with vacuum or spraydried starter cultures. Response to freezing stress is often passive and leads to a decrease in viability and metabolic activity that is associated with Cryoinjury (Rivals et al., 2007) . Therefore understanding of cold-shock-induced cryotolerance may contribute to development of environmental conditions that allow improved viability/activity of frozen or freeze-dried commercial LAB starter cultures (Kim and Dunn, 1997).
The aims of this research are to isolate and identify strains of potentially probiotic bacteria from Kimchi, traditional Korean fermented foods and to assess β-galacosidase and proteolytic activity, and resistant under harsh conditions such as bile salt, low pH and cold-shock for commercial use as probiotics and starter culture in dairy products.
Materials and Methods
Materials and commercial strains Sodium azide and MgSO 4 were obtained from Junsei (Japan). Oxgall, MRS agar and MRS broth were obtained from Difco (USA). HCl and Na 2 CO 3 were obtained from Daejung (Korea). Agar powder, β-mercaptoethanol, sodium dodecyl sulfate (SDS), σ-nitrophenyl-β-D-galactopyranoside (ONPG), and sodium acetate trihydrate were obtained from Sigma (USA). Gram stain kit was obtained from YD Diagnostics (Korea). Lactic acid was obtained from Konto (Japan). BCP agar was obtained from Aiken (Japan). Skim milk was obtained from Seoul dairy co-op. (Korea). Chloroform was obtained from J.T. Baker (USA). Four commercial strains: L. casei (LC-10, Culture system, USA), L. plantarum (LP-5, Culture system, USA), S. thermophilus (ST-body1, Culture system, USA) and S. thermophilus (Yomix-321, Danisco, Denmark) were used in this study depending on the purpose of use.
Sample collection and isolation of lactic acid bacteria Lactic acid bacterial strains were isolated from homemade and commercial Kimchi which were collected from different regions in Korea. Each sample was mixed with PBS with the ratio of 1:1 and homogenized using a stomacher (Interscience, France). One milliliter of diluted samples were serially diluted with 0.85% saline, then 100 µL of each dilution was spread onto MRS agar containing 0.02% sodium azide and the plates were incubated at 37 o C for 48 h. Representative colonies were picked from plates and well-isolated colonies were inoculated into fresh MRS broth for stock preparation. For long term storage, stock cultures were maintained at -20 o C in MRS broth containing 15% glycerol.
Screening and identification of Lactic acid bacteria
Screening of selected isolates was conducted by observation of colony shape on plates, gram staining, and observation of cell morphology using microscope. Selected isolates were identified first by using an API kit (API 50 CHL, BioMerieux, France) and then by 16S rRNA gene sequencing. 16S ribosomal RNA coding gene was amplified by direct PCR using universal primers: forward; 5'-GAGTTGGATCCTGGCTCAG-3' and reverse; 5'-AAG-GAGGGGATCCAGCC-3'. The reaction mixture consisted of 300 mM Tris-HCl (pH 8.8), 100 mM (NH 4 ) 2 SO 4 , 100 mM KCl, 20 mM MgSO 4 , 20 pM of each primer, 20 mM of each dNTP, 2 Unit of Taq polymerase (Genenmed, USA), and a 20 ng template. Amplification was conducted for 30 cycles of the following conditions: 1 min at 95 o C, 1 min of annealing at 55 o C, and 2 min of extension at 72 o C using a PCR machine (T Gradient model, Biometera, Germany). The PCR products were directly sequenced with an ABI Prism 3700 genetic analyzer at the Macrogen, Inc. (Korea). The 16S rDNA sequences were analyzed using the GenBank database, and identification was performed on the basis of 16S rDNA sequence homology.
Bile salt and acid tolerance Selected strains were tested for their resistance to dif-
